Objective: To study the prevalence rate of tuberous sclerosis complex in autistic disorder.
Introduction
Autism is a neurodevelopmental disorder characterized by a pattern of social and communication deficits. Recent data have provided convincing evidence for multiple interacting genetic factors as the main causative determinants of autism [1] . Tuberous sclerosis complex (TSC) is an autosomal dominant hamartomatosis with multisystem involvement including the brain, skin, heart, and kidney. The disease is characterized by a broad physical phenotypic spectrum with epilepsy, mental retardation, renal dysfunction, and dermatologic abnormalities. TSC is caused by a mutation in the TSC1 or TSC2 gene. If autism and TSC were independently occurring disorders, it was unlikely to identify many patients with both diseases, given the individual prevalence rates of 1/110 [2] and 1/6000 [3] . The basis for this association is not well [1] [2] [3] [4] . We report on a cohort of children with autism, to determine the prevalence rate of tuberous sclerosis complex in autistic disorder in our region.
Subjects and Methods
We established an autistic disorder registry in 2005 at China Rehabilitation Research Center. All patients in this study came from this registry between June 1, 2005, and May 31, 2009. All the patients who were eligible to participate in this study had to have the typical triad of symptoms of autism: social deficits, communication impairment, and rigid ritualistic interests. Diagnosis of autism spectrum disorder was based on the criteria of the Diagnostic and Statistical Manual of Mental Disorders-IV [5] and the Autistic Disorder Diagnostic Interview-Revised [6] . In all children with autistic disorder, we routinely examined for any features of tuberous sclerosis complex by looking for neurocutaneous markers such as depigmented spots. In those with infantile spasm or epilepsy, the clinical features of tuberous sclerosis complex were monitored regularly during follow-up. We adopted the 1999 diagnostic criteria of tuberous sclerosis complex for case ascertainment [7] . Cases were ascertained by one of us (Wen-Jun Tu) during the course of study. Estimates of the children's abilities were made using standardized cognitive tests appropriate for age and/or ability (Mullens scales, the Wechsler scales, the Ravens Coloured Matrices and the British Picture Vocabulary Scale). Unfortunately, none of the cases had genetic analyis because genetic analysis for tuberous sclerosis complex is not available in Beijing. A low mental age was seen as an exclusion criterion as it precluded confident diagnosis of an autism spectrum disorder and parents had poor compliance for following up in this study.
The details of the study were explained to the parents of the participating children, and written informed consent was obtained from the parents.
Statistical analyses were performed using SPSS version 17.0 (SPSS Inc, USA) for Windows (Microsoft Corporation USA). Continuous variables are presented as mean±SD. Qualitative data were expressed as percentages.
Findings
During the 4-year period (2005-2009), 632 patients were admitted to our center. We collected a database of 429 children (390 boys and 39 girls; male to female ratio 10:1) with autistic disorder and pervasive developmental disorders. The rate of participation was 67.9%. The mean age was 5.2±3.1 years. Of these, only 4 cases were nonChinese, one was American, one was Korean, and two were Europeans. Demographic characteristics of the patients are summarized in Table 1 . We routinely examined all children with autistic disorder or pervasive developmental disorders for any features of tuberous sclerosis complex by looking for neurocutaneous markers, such as depigmented spots, which appear in 43% of children with tuberous sclerosis complex by the age of 30 months. Of these, five had tuberous sclerosis complex. Thus, the prevalence rate of tuberous sclerosis complex in autistic disorder was 1.17%. The mean age was 3.6±2.1 years. All of these children were mentally retarded. Their IQ or developmental quotient was less than 70 (49±13). Only one of them had a positive family history. Four out of the five TSC patients had bilateral lesions, while 23 of the 424 non-TSC patients had temporal lobe lesions 
Discussion
Our China Rehabilitation Research Center receives referrals from mainland of china for children with developmental problems such as autistic and speech delay as young as 4 months. Thus, our registry for any disorder, such as autistic disorder and pervasive developmental disorders, can only represent the profile within a single region. Furthermore, this was a hospital-based study rather than population based. 1.17% of tuberous sclerosis complex in autistic disorder can be a reliable estimate of the genuine association of autistic disorder and tuberous sclerosis complex in our study. However, as this was a hospital-based study, we might be underestimating the really incidence of tuberous sclerosis complex in autistic disorder, since not all autistic children were routinely examined in order to detect signs for diagnosing TSC. Gillberg reported tuberous sclerosis complex in autism in a population-based study [8] . This was also reported in other population studies of autistic disorder [9] [10] [11] . In a hospital-based survey of autistic disorder and tuberous sclerosis complex, from the Tuberous Sclerosis Complex Registry in the Hong Kong island, autistic disorder as defined by the Autistic Disorder Diagnostic Interview-Revised and Diagnostic and Statistical Manual of Mental Disorders-IV, autistic disorder were defined in 7 children among 44 cases with tuberous sclerosis complex; seven had tuberous sclerosis complex among 753 children with autistic disorder [3] . Smalley reported that among autistic populations, the frequency of TSC is 1-4% and perhaps as high as 8-14% among the subgroup of autistic individuals with a seizure disorder [12] , and Gillberg and Coleman estimated that 9% of children with autistic disorder have tuberous sclerosis complex [13] .
The prevalence rate of tuberous sclerosis complex in children with autistic disorder in our region was relatively low at 1.17%. Bias between different studies might be introduced depending on whether the researches are cohort or population based. Different authors might come from different subspecialties and have a different background; thus, the age at which these children were diagnosed varies as well [3] . In addition, study population and number also could produce a considerable bias.
According to our study and other researches, autism spectrum disorder was a condition that might be associated with the development of Tuberous sclerosis complex. The results of a population-based survey among 152,732 Finnish children and adolescents showed that autistic disorder was associated with tuberous sclerosis [14] . Tuberous sclerosis complex results from mutations in one of two genes, TSC1 and TSC2, coding for hamartin and tuberin, respectively [15] . Chopra and Lawson reported that there was a trend towards greater severity for patients with TSC2 mutations compared with their TSC1 counterparts, particularly for autistic spectrum disorder, but this did not reach statistical significance [16] . Can autism spectrum disorder introduce the mutation in the TSC1 or TSC2 gene? More work is needed to clarify the mechanisms that underlie this unique association and the variability in expression before one can understand the biologic processes involved in the etiology of both diseases.
This study has a number of limitations. The disparity in the patients' sex (male to female ratio 10:1) could have biased results. It is possible that in our region a boy can obtain parents' more attention. In additional, this was a hospital-based study rather than a population based. It cannot be assumed that they will apply to other centers or populations.
The samples were also geographically limited, potentially limiting the generalizability of our results.
Conclusion
The prevalence rate of tuberous sclerosis complex in autistic disorder in our region was 1.17%. Autism spectrum disorder is a condition that might be associated with the development of Tuberous sclerosis complex. It is unfortunate that we did not have performed genetic analysis for our cohort because this test is not available locally. Furthermore, this survey was just a small cohort study, a large multicenter approach would be necessary to obtain the necessary knowledge.
